Background: Retroperitoneal sarcomas (RPS) are heterogeneous. No previous study has investigated the impact of specialized surgery, evaluated locoregional relapse (LRR), abdominal sarcomatosis and distant metastatic relapse as separate events, or considered histological subtypes separately. This study addresses these specific points in a homogeneous cohort of patients with completely resected primary RPS.
(DDLPS) and leiomyosarcomas (LMS). Recent enhancements in molecular techniques have shown that a large proportion of tumors currently diagnosed as DDLPS were previously misdiagnosed as malignant fibrous histiocytoma (MFH) [1] .
Surgery is the cornerstone of RPS treatment. Given their large anatomical relations with adjacent organs within the abdominal cavity, the relevance of negative microscopic margins is challenging in RPS [2] . Hence, most series evaluating prognostic factors for RPS define complete resection as removal of all macroscopic disease (R0/R1) in opposition to macroscopically incomplete resections (R2). Other than simple and large resection (including adjacent organ(s) involved by the tumor), compartmental resection is a more liberal, en bloc surgical procedure recently advocated by several experts [3] [4] [5] [6] [7] which has been suggested to decrease abdominal relapse risk by 3-fold [4] . However, its best indications remain to be clarified [8, 9] , as is the role of adjuvant radiotherapy [6, [9] [10] [11] [12] [13] .
Overall, prognosis of RPS is poor. LR relapse-free and overall survival (OS) rates are estimated around 50% at 5 years despite complete initial resection, and LR relapse is the main cause of disease-related death [2, 14] . Another specificity of RPS is the risk of developing abdominal sarcomatosis, which results in patient death even in the absence of systemic dissemination.
Most of studies that have investigated prognostic factors in RPS were limited by small sample size, bias resulting from single-center recruitment, heterogeneity caused by inclusion of both primary and recurrent diseases, or lack of histological review with modern molecular methods [10, 12, [15] [16] [17] [18] [19] [20] , and none considered histological subtypes separately. Several nomograms have been developed but none of them studied the impact of surgeon's specialization or piecemeal resection [21] [22] [23] . The aim of this study was to address these specific points in a large and homogeneous cohort of patients with completely resected primary RPS.
patients and methods
We retrospectively analyzed medical charts of patients older than 18 years, treated for a primary RPS between 1 January 1988 and 31 December 2008 and eventually referred to one of the 12 participating centers of the French Sarcoma Group (GSF-GETO). The list of patients originated from the GSF database (Conticabase). Inclusion criteria were (i) data available on initial treatment and follow-up and (ii) no concomitant uncontrolled other cancer. All histological diagnoses were systematically reviewed by an expert pathologist member of the GSF-GETO. Patients with fibrous solitary tumors and other sarcomas of uncertain malignancy were excluded from the analysis. In all cases, radiological, surgical and pathological reports were analyzed.
Patient characteristics at diagnosis included age, gender and performance status (PS). Tumor characteristics included tumor size, histology, grade [24] , multifocality, adjacent organ involvement, vascular involvement, abdominal sarcomatosis [25] and distant metastasis.
Characteristics of initial treatment included diagnostic biopsy, pretreatment multidisciplinary team (MDT) assessment, type of surgery [4, 7] , specialization of the surgeon, surgical margin status [2] , tumor rupture because of piecemeal resection, number of resected organ(s) and tumor infiltration on histological report [26] and perioperative radiotherapy or chemotherapy. (Definitions are detailed in supplementary File, available at Annals of Oncology online.) Follow-up consisted in a CT scan within 3-6 months after surgery and usually every 6 months afterward. This retrospective study was approved by institutional ethics review boards.
statistical analysis
Median follow-up was calculated with reverse Kaplan-Meier method proposed by Shuster [27] . Differences between groups were evaluated with χ 2 test or Fisher's exact test or Student's t-test. Relapse-free survival for each end point and OS were, respectively, defined from diagnosis (biopsy or surgery) to event and death, or last follow-up. Survival rates were estimated with the KaplanMeier method [28] . Events competing with the event of interest [locoregional relapse (LRR), abdominal sarcomatosis, distant metastatic relapse] were 'ignored' whereas patients who did not experience the event of interest were censored at their last follow-up.
Factors associated with complete resection were determined with odd ratios (OR) in the population of operated patients, excluding patients with unknown type of resection. Univariate and multivariate analyses were conducted with a binary logistic regression model using a backward stepwise analysis.
Prognostic factors for LR relapse, sarcomatosis, distant metastasis and OS were selected with the log-rank test in the population of R0/R1 patients [29] . Factors significantly associated with respective end points were included in a multivariate Cox regression analysis using the maximum likelihood method and a backward stepwise analysis [30] (Predefined variables are detailed in supplementary File, available at Annals of Oncology online).
All tests were two sided and P < 0.05 indicated statistical significance. In all cases, the proportional hazards assumption was assessed with Schoenfeld's test [31] . When it was not verified, interaction of covariates with a linear function of time was included in the model and hazard ratios (HRs) were given at 3 and 5 years. Analyses were conducted using commercially available software STATA V.11. 
characteristics at diagnosis and initial treatment modalities
Initial patient characteristics are given in Table 1 . A diagnostic biopsy was done for 40% of the patients and 28% of the cases were discussed by an MDT before treatment. Five hundred thirty-seven patients (92%) had localized disease at diagnosis and 511 (87%) underwent resection. The 26 remaining patients were not operated mainly because of tumor nonresectability estimated by the surgeon (69%) or comorbidities (29%).
Type of surgery was a simple (37%), large (39%) or compartmental resection (24%). Two hundred twenty-two patients (43.5%) were operated on by a specialized surgeon, 389 patients (76%) had complete resection of the tumor and 332 patients (65%) had one or more adjacent organ(s) resected with the tumor. At least one of the resected organ(s) was infiltrated by the tumor on histological examination in 157 patients (47%) (Details of organ resections and infiltration patterns in supplementary Tables S1 and S2, available at Annals of Oncology online). Piecemeal resection occurred in 80 patients (15.5%).
Perioperative radiotherapy was decided for 146 patients (29%), mainly postoperatively (74%). The median dose was 50 Gray [0-76]. Eighty-nine patients (17%) received perioperative chemotherapy (median: 5 cycles [1] [2] [3] [4] [5] [6] [7] [8] ).
factors associated with macroscopically incomplete resection
Among the 511 patients who underwent surgery for a localized RPS, factors significantly associated with R2 resection in multivariate analyses were DDLPS and 'Other' histologies, multifocality, adjacent organ involvement, type of surgery (simple Table 2 . Multivariate analysis of factors significantly associated with risk of LR relapse, abdominal sarcomatosis (at 3 years), distant metastasis and overall survival in patients with initial complete resection of primary localized RPS (n = 389) (reference) prognostic analyses LR relapse. Factors significantly associated with LR relapse in univariate analysis were male gender, histology, grade, adjacent organ involvement, type of surgery, specialization of the surgeon, piecemeal resection and perioperative radiotherapy. In multivariate analysis, male gender, adjacent organ involvement, specialization of the surgeon and piecemeal resection as well as perioperative radiotherapy remained independent (Table 2, Figure 1A-D) .
abdominal sarcomatosis. Factors significantly associated with development of abdominal sarcomatosis in univariate analysis were grade, adjacent organ involvement, specialization of the surgeon and piecemeal resection. Because nonproportionality was detected for grade, HRs were calculated at 3 and 5 years. At 3 years, the three last precited factors remained independent (Table 2) . At 5 years, only specialization of the surgeon (HR = 0.5 [0.3-0.96], P = 0.04) and piecemeal resection (HR = 3.7 [1.5-9.2], P = 0.005) remained significant (Figure 2A and B) . distant metastasis. Factors significantly associated with development of distant metastasis in univariate analysis were tumor size ≤17 cm, histology, grade, adjacent organ involvement, vascular involvement and perioperative chemotherapy. In multivariate analysis, histology and adjacent organ involvement remained independent (Table 2, Figure 2C and D).
overall survival. Factors significantly associated with OS in univariate analysis were age, male gender, histology, grade, adjacent organ involvement and piecemeal resection. In multivariate analysis, age, male gender, grade, adjacent organ 
subgroup analysis according to histology
Survival rates according to histology are given in supplementary  Table S4 , available at Annals of Oncology online. Results of prognostic analyses according to histology are presented in Table 3 . Piecemeal resection was predictive of LR relapse for both WDLPS and LMS whereas surgeon specialization and perioperative RT were associated with a lower risk of LR relapse for DDLPS. Adjacent organ involvement was associated with worst OS for both WDLPS and LMS whereas grade 3 was associated with worst OS for DDLPS.
discussion
This study is the largest study published to date on treatment and prognosis of primary RPS. Our results emphasize the crucial role of primary surgery. Indeed, prognosis of patients with R2 resection without subsequent re-excision was as poor as that of patients with localized disease who did not undergo initial surgery [15, 18] . Moreover, we showed no difference between median survival from the occurrence of abdominal sarcomatosis or distant metastasis, confirming the poor prognostic value of abdominal sarcomatosis. The kidney and the colon were the most often resected organs but infiltration was less frequently observed in the kidney [4, 15, [17] [18] [19] [20] 26] . This probably illustrates a more aggressive approach to uninvolved kidneys often encased by the tumor. Conversely, the rate of major vessel resection was only 10% but infiltration by the tumor was found in 67% of cases. These results illustrate the selective nature of adjacent organ(s) resection in surgery of RPS, a consequence of the balance between quality of margins and morbidity, ultimately assessed by the surgeon on an individual basis [7, 9] .
The size of our series and the long median follow-up allowed us to identify strong prognostic factors. We confirmed wellrecognized impact of tumor grade on OS [4, 12, 15, 17, 18, 20] and that histology is a stronger factor for risk of distant metastasis [12, 18, 20] . For the first time, we showed an impact of grade on survival of DDLPS.
For the first time, we also showed an impact of adjacent organ involvement on survival of WDLPS. WDLPS are usually seen by surgeons as compressing masses that do not infiltrate. Nevertheless, we showed that 33% of WDLPS resected with at least one organ were actually infiltrating. This is consistent with recent work by Mussi et al. [26] . Multifocality was also significantly associated with worse survival of WDLPS. Infiltrative patterns or multifocality can be difficult to identify in WDLPS where macroscopic aspects can be very close to normal fat. These results emphasize the importance of joint assessment of pretherapeutic imaging by trained radiologists and surgeons for optimal treatment of WDLPS. Above all, our results clearly demonstrated the crucial importance of RPS patients' management in a sarcoma reference center, as suggested by a few previous reports [4, 16, 32] . We showed that piecemeal resection is a highly significant predictor of local relapse, sarcomatosis relapse and poorer OS. A strong correlation between this factor and the number of patients treated per center has been described [4] . Besides, we showed that surgical specialization was by itself a major prognostic factor for complete surgery, LR relapse and abdominal sarcomatosis, and specifically for LR relapse of DDLPS. Compartmental surgery also significantly decreased risk of LR relapse in univariate analysis. However, this variable was not retained in the multivariate model while surgeon specialization remained independent. Perioperative radiotherapy was associated with a decrease in the risk of LR relapse after adjustment on the main potentially confounding factors. Our results are in agreement with several series [3, [10] [11] [12] 33] and reinforce the importance of current prospective trials assessing radiotherapy in RPS such as the ongoing EORTC/Eurosarc phase III randomized trial (NCT01344018) (supplementary Table S5 , available at Annals of Oncology online). Moreover, this benefit seemed particularly important for DDLPS.
This retrospective study has several limits. It is associated with selection bias, as we only considered patients referred to a tertiary center at one point of their history. Further, the long inclusion period and its multicentric nature can be associated with heterogeneity, caused by changes in therapeutic approaches over time.
This multicentric study gives an update on primary treatment modalities and patterns of relapse for patients with a primary RPS treated in France over the last 25 years. Our data indicate that diagnosis should include an accurate pretherapeutic assessment, even for WDLPS, and a meticulous histological examination and grading, especially for DDLPS. Systematic histological review appears crucial, as illustrated by the proportion of MFH which was only 7% in our study compared with rates of up to 30% reported in previous series [15] . However, accurate diagnosis and surgical procedure cannot always prevent disease-related death, particularly in sarcomas associated with a high risk of competitive systemic relapse, such as LMS.
By emphasizing the major prognostic role of surgical specialization and piecemeal resection, this study advocates for making RPS treatment in specialized centers mandatory. The first factor improving patients' prognosis is adequate initial treatment. Patients should therefore be referred to sarcoma centers from the initial diagnostic suspicion. Moreover, only grouping of these rare tumors in dedicated centers will allow prospective evaluation of the tailored treatments that we need to develop for each histological subtype of RPS. 
